it will be described below, and focused on an age range between 34 and 75 years, in order to identify early biomarkers of biological vs. chronological age, potentially capable of predicting the rate of ageing later in life. Complementarily, many anti-ageing strategies have been proposed, such as those related to immune system remodelling (Capri et al., 2006b ), but a new era begun on different tissues-specific epigenomics (Horvath, 2013; Romanoski et al., 2015) , food/nutrition science, diet intervention Bacalini et al., 2014; Mercken et al., 2013; Cevenini et al., 2013; Berendsen et al., 2014) and its interaction with genomic background (Corella and Ordovás, 2014) and gut microbiota remodeling (Ottaviani et al., 2011; Biagi et al., 2013; Collino et al., 2013) . These recent findings together with MARKAGE biomarkers not only give a new perspective in term of ageing rate measurement, but also new insights for molecular-targeted interventions to slow down human ageing process and likely, age-related pathologies onset. 
Ageing of European Countries
The proportion of elderly people over 65 years in Europe (EU28Countries) is predicted to increase from 18.2% in 2013 to 28.7% by 2080 (Eurostat source) . The share of those aged 80 years or above in the EU-28's population is projected to almost triple between 2013 and 2080. Thus, over the coming decades, Europe's demographic makeup will change harshly. Our populations are becoming older than ever before due to three major trends. First, the baby-boom generation approaches retirement age thus older people will rise rapidly; second, birth rates have remained low for several decades; and third, European people, but not only, are living longer lives, even if comorbidites and disabilities are increasing, especially after 62 years (Eurostat source) . In 2011 the number of healthy life years at birth was estimated at around 62 years for men and 61 years for women in EU-28, meaning that approximately, 16% and 21% of unhealthy life for men and women, respectively, are expected. This demographic remodelling emphasises the critical importance of identifying new strategies able to counteract or slow down ageing and the onset of age-related diseases and disabilities. These new strategies can contribute to increase the number of elderly citizens in good health, and reducing age-related medical and social costs. Therefore the identification of biomarkers of healthy or unhealthy ageing (see Bürkle et al., this issue) and the adoption of healthy life styles before the use of drug-based therapies are necessary. This situation has pushed EU governance to identify scientific projects able to find solutions to monitor and counteract unhealthy ageing, thus promoting a healthy and active ageing.
From population to individual level
On the other side, the rate of ageing in humans is not uniform due to the complexity of genetics and epigenetics (Capri et al., 2006a , which interact with environment Garm et al., 2013) and stochasticity with diverse weights at different phases of life taking into account also embryonic and foetal development (Cevenini et al., 2010) . Further, these main factors could differently affect the rate of ageing at the levels of cells, tissues or body systems within the same organism according to the hypothesis of the "mosaic of ageing" (Cevenini et al., 2008) . Tissues and organs might age at different rate and furthermore, individuals of same chronological age might have different biological age. This complexity makes more difficult the identification of a unique comprehensive mechanism of ageing and related biomarkers (Deelen et al., 2013) .
The human model in MARK-AGE: innovative concepts
MARK-AGE aimed at the identification of biomarkers of ageing capable of distinguishing between chronological and biological ageing (see Giampieri et al., this issue) looking at systemic parameters assessed in the blood/urine and buccal mucosa cells (BMC) of volunteers, likely mirroring the entire organism. To achieve this objective a robust human model with definite assumptions was conceptualised accordingly (see Bürkle et al., this issue), as briefly described:
1. Subjects representing the "normal" aging: randomly recruited age-stratified individuals from the general population or RASIG, covering the age range 35-74 years; 2. Subjects representing the successful or "decelerate" aging: subjects born from a long-living parent belonging to a family with long living sibling(s) already recruited in the framework of the GEHA -Genetic of Healthy Ageing-project (Skytthe et al., 2011) . These individuals ("GEHA offspring" or GO) were recruited together with their spouses or SGO representing the best control to evaluate possible life style effects, since they have shared the same environmental factors for many years with their partners. 3. Subjects representing accelerated aging: patients with progeroid syndromes (Cockayne, Werner and Down syndromes), characterised by accelerated "segmental" ageing.
Independent variables in MARK-AGE
MARK-AGE model took into account essential independent variables, i.e. gender, age, geography and populations. The selection of these variables was done on the basis of specific assumptions such as the major role of gender in the ageing process, the need to identify biomarkers before the late phase of life and the role of environment/geography/culture in the population ageing with a consistent number of individuals.). About 5% of recruited volunteers were not classified as "successfully recruited" MARK-AGE individual, either because exclusion criteria such as positive results to HBV, HCV viruses screening or due to errors in data entry into the phenotypic database. The a GENDER. Males and females were recruited close to 50% in each age class, giving the possibility to analyse age-gender effects. Literature strongly suggests a gender effect on mortality rate. Females live longer even with a higher frequency of disabilities and comorbidities (Oksuzyan et al., 2008) . This difference between males and females seems to be a paradox and the biological causes are not yet understood, but many data suggest the involvement of sexual chromosomes and their age-dependent methylation pattern Gentilini et al., 2012 Gentilini et al., , 2013 . Furthermore, prospect demographic studies show that the gap of life expectancy between genders will become smaller in the next 40 years, even if an analysis comparing healthy life years between the gender at the age of 65 shows there were 9 EU Member States in 2011 where men could expect more health life years than women (Eurostat source). b AGE. An age range between 34 and 75 years was thought to be crucial to identify early biomarkers of ageing. Humans undergo different phases of life and 15 years beyond 50-60 years, i.e. the transition between adult age and the beginning of the consistent ageing process appear to be a critical temporal window. Indeed, this period includes the menopause in women and the period where major age related diseases and the rate of mortality start to increase (Rauser et al., 2006) . Accordingly, one of the major characteristic of MARK-AGE is to focus on the above mentioned age range in order to identify early biomarkers of biological vs. chronological age, potentially capable of predicting the rate of ageing later in life. c GEOGRAPHY. 11 different European beneficiaries, distributed from North to South, were responsible for the recruitment. This distribution has given the possibility to study environmental/geographical/cultural population effects. Thus, geographical or environmental factors could influence parameters, such as methylation patterns (Pirazzini et al., 2012) , but differences among diverse latitudes can be revealed and ad hoc analysed. d POPULATIONS. One of the main goal of MARK-AGE was to recruit consistent groups of subjects assumed to have diverse rates of ageing, as described above. On the whole 3337 subjects were initially recruited and the recruitment of GO/SGO was the most challenging due to large distances between subjects residence and laboratory place, thus it was more time consuming, more expensive and more effort needed to fulfil requirements for transport of biological samples. Furthermore, the number of SGO was about half of GO since somebody declined, divorced or passed away. 53 Down Syndrome individuals were recruited by UNIBO with a specific strategy committed to family involvement and the employment of specialized human resources, such as psychologists and psychiatrists. Further a specific battery of tests focused on behaviour, neuropsychological, neuropsychiatric and cognitive assessment was set up (see Moreno-Villanueva, Capri et al., this issue) in order to evaluate the functional and cognitive status of these people. DNage B.V. and later on University of Constance (UKON, Germany) were responsible for collection of about 59 existing blood samples from WS patients and a minor number of CS patients recruited by external collaborators. In view of the complexity and the size of the MARK-AGE project, dropouts were expected. Nevertheless, about 95% of recruited subjects (i.e. 3169) could be included in the MARK-AGE population for analysis (Table 1 final numbers of successfully recruited volunteers and also inserted in the MARK-AGE database were the following: 2262 RASIG; 528 GO; 305 SGO and 47 DS as shown in Table 1 (59 WS patients samples are not included). Technical aspects are briefly reported in Box I and and University of Constance (UKON, Germany) were responsible for collection of existing blood samples from CS and WS patients recruited by external collaborators. A specific questionnaire was developed for RASIG/GO/SGO population, which was adapted by UNIBO to the DS patients. All the questionnaires and biological samples have been described in the article dedicated to MARK-AGE standard operating procedures (see Moreno-Villanueva, Capri et al., this issue) . Recruitment strategies are detailed in Table 1 . Reasonably, GO/SGO recruitment was carried out by Beneficiaries who were involved in GEHA project since they had already contacted these families before (Franceschi et al., 2007) . -Inclusion and exclusion criteria RASIG were randomly recruited age-stratified individuals from the general population (both sexes) aged 35-74 and able to give informed consent. Concerning GO subjects, they were sons or daughters of GEHA individuals and SGO were GO spouses in age-range 55-74 years. As well as RASIG, all of them should be able to give their informed consent. Exclusion criteria were the following: i. self-reported seropositivity for HIV, HBV (except seropositivity by vaccination) and HCV (HBV and HCV seropositivity assessed after blood collection). ii. presence of actual cancer and current use of anti-cancer drugs or glucocorticoids; iii. less than 50% of lifetime spent in country of residence. iv. inability to give informed consent.
Robust data, longitudinal component and progress
MARK-AGE was a great opportunity of advancement in knowledge. To ascertain the biological and analytical robustness of the measurements of candidate biomarkers, 100 donors from the whole study population were re-sampled within 3-6 months. Further, within the lifetime of the project (66 months), a limited (12%) random sample of probands were re-tested in order to establish a longitudinal component within the study. To make strongest the results emerging from MARK-AGE it would be important to perform a more robust longitudinal study on all the recruited subjects. Nevertheless, those parameters, which correlate with age and those, which significantly separate cohorts of different age rates are those able to monitor the systemic age-related changes of the body. Fig. 1 depicts the concepts which MARK-AGE faced and the basic mathematical approach from which algorithms have been developed.
The strongest MARK-AGE biomarkers and those related to the epigenetic clock (353CpG sites shaping an ageing clock in terms of chromatin states and tissue variance), recently raised up from studies on differently aged human tissues, human obesity and Down Syndrome (Horvath, 2013; Horvath et al., 2014 Horvath et al., , 2015 , reveal powerful tissue -specific biomarkers mirroring the systemic condition. These findings open new questions on the future role of the biomarkers network which supports information of healthy status and likely could also "transport communication" among different cell, organs or tissues. Thus, new insights are expected by biomarkers network, not only highlighting tissue-specific and/or systemic molecular pathways, but also monitoring the tissue-specific and/or systemic rate of ageing, both at individual and population levels, and eventually targeting genes or their products for age-related pathology interventions.
